Background: The effect of reducing ritonavir boosting doses on the efficacy and safety of fosamprenavir-based regimens has not been well studied. Methods: In a 52-week, phase 4, open-label, single-center pilot study, 26 antiretroviral-naïve, HIV-infected patients with viral loads >1000 copies/mL received induction with fosamprenavir/ritonavir 1400 mg/200 mg plus abacavir/lamivudine 600 mg/300 mg once daily for 28 weeks. Patients achieving a viral load <50 copies/mL at week 28 were given maintenance therapy for 24 subsequent weeks with half the ritonavir dose (100 mg) plus the usual fosamprenavir, lamivudine, and abacavir doses. Results: The study population (n = 26) was diverse with respect to sex (14 females/12 males) and race (16 black, 10 white). Baseline median viral load was 4.93 log 10 copies/mL and CD4+ count 110/mm 3 . Of 12 induction/maintenance completers, 10 (83%) achieved viral loads <50 copies/mL by maintenance-week 24. Median CD4+ count increased from 110/mm 3 at baseline to 292/mm 3 at induction-week 28 and to 296/mm 3 at maintenance-week 24. The incidence of adverse events at maintenance-week 24 did not differ from that at induction-week 28 (P > 0.05). Median fasting total-cholesterol, LDL-cholesterol, and triglycerides remained below NCEP cut-off levels. Baseline/induction-week 28/maintenance-week 24 median total-cholesterol was 130/177/183 mg/dL, LDL-cholesterol 78/107/114 mg/dL, HDL-cholesterol 33/41/43 mg/dL, total-cholesterol: HDL-cholesterol ratio 3.9/4.3/4.3, and triglycerides 93/145/119 mg/dL. During induction, total VLDL/chylomicron, LDL, and HDL particles increased; during maintenance, VLDL/chylomicron particles decreased, but LDL and HDL particle concentrations did not notably change. Conclusions: Reducing ritonavir boosting from 200 mg to 100 mg once daily in HIV-infected patients stabilized on once-daily fosamprenavir/abacavir/lamivudine resulted in maintenance of virologic suppression, enhanced CD4+ count, and improved triglycerides.
Introduction
Fosamprenavir, the phosphate ester prodrug of the antiretroviral protease inhibitor amprenavir, is frequently used as a component of combination antiretroviral therapy in HIV-infected patients. Fosamprenavir-containing regimens offer the flexibility of dosing either once-daily or twice-daily without regard to food or fluid requirements [1] . Once-daily fosamprenavir regimens can be prescribed only for antiretroviral-naïve patients and must be co-administered with low-dose ritonavir. The latter serves to inhibit the CYP3A4 hepatic metabolism of amprenavir, thereby increasing amprenavir plasma concentrations/exposure, elimination half-life, and antiretroviral activity [2] .
The initial once-daily ritonavir boosting dose to be approved in the United States for co-use with fosamprenavir was 200 mg. This approval was based on the findings of the SOLO study, a clinical trial that evaluated fosamprenavir/ritonavir 1400 mg/200 mg once daily plus abacavir/lamivudine 300 mg/150 mg twice daily and showed that 69% of 322 antiretroviral-naïve patients treated were able to achieve a viral load <400 copies/mL at 48 weeks [3] . As ritonavir is associated with doserelated adverse gastrointestinal events and unfavorable lipid changes [4] [5] [6] , using the lowest ritonavir boosting dose to push amprenavir concentrations to well within the clinically effective range would be expected to optimize the tolerability of fosamprenavir/ritonavir regimens. In view of this, a ritonavir boosting dose lower than 200 mg once daily-100 mg once daily-was investigated in studies of patients receiving once-daily fosamprenavircontaining regimens [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
COL10053 showed that once-daily ritonavir 100 mg boosting of fosamprenavir 1400 mg provided a mean plasma amprenavir trough concentration (C  ) of 0.86 µg/mL [17] , which is 6-fold higher than the mean amprenavir protein binding-adjusted 50% inhibitory concentration (IC 50 ) for wild-type virus (0.146 μg/mL) [18] and 2.5-fold above the historical C  value observed with unboosted fosamprenavir 1400 mg twice daily (0.35 μg/mL) [19] . The results of this pharmacokinetic study led to Food and Drug Administration approval of ritonavir 100 mg once daily for boosting fosamprenavir 1400 mg oncedaily-based regimens in treatment-naïve HIV populations in the United States [20] . There are limited data available describing whether changes in efficacy or safety occur when HIV-infected patients stabilized on a fosamprenavir/ritonavir 1400 mg/ 200 mg once-daily regimen have their ritonavir boosting dose reduced to 100 mg once daily. The purpose of COL101295 was to explore the clinical sequelae of such a switch over 24 weeks when it follows 28-week treatment induction with fosamprenavir/ritonavir 1400 mg/200 mg once daily plus abacavir/lamivudine 600 mg/300 mg once daily in antiretroviral-naïve, HIV-infected patients. In addition, an analysis of the effect of treatment on lipid particles was conducted.
Methods
In this 52-week, phase 4, open-label, single-center pilot study, 26 antiretroviral-naïve, HIV-infected patients with viral load >1000 copies/mL and any CD4+ cell count received induction treatment with fosamprenavir/ritonavir 1400 mg/200 mg plus abacavir/lamivudine 600/300 mg once daily for 28 weeks. Patients who achieved a viral load <50 copies/mL at week 28 were given maintenance therapy for 24 subsequent weeks with half the ritonavir dose (100 mg) plus the usual fosamprenavir, lamivudine and abacavir doses. Fosamprenavir was administered as two 700-mg tablets of Lexiva ® (GlaxoSmithKline, Research Triangle Park, North Carolina), abacavir 600 mg as two 300-mg tablets of Ziagen ® (GlaxoSmithKline, Research Triangle Park, North Carolina), lamivudine as two 150-mg tablets of Epivir ® (GlaxoSmithKline, Research Triangle Park, North Carolina), and ritonavir as one or two 100-mg soft-gel capsules of Norvir ® (Abbott Laboratories, North Chicago, Illinois). The primary study endpoints were the proportion of patients achieving a viral load <50 copies/mL at the end of the induction and maintenance periods, and change from baseline in CD4+ count and safety/fasting lipid profile at these time points. Viral load (HIV-1 RNA) and CD4+ were measured at baseline (week 0), weeks 4, 12, 16, 20, 24 and 28 (induction period), and at weeks 32, 40, 48, and 52 (maintenance period) using the Roche Amplicor MONITOR Ultrasensitive assay (version 1.5; LLOQ 50 copies/mL) (Roche Diagnostics, Branchburg, New Jersey) and HIV-1 MONITOR Version 1.0 polymerase chain reaction assay (LLOQ, 400 copies/mL) (Roche, Nutley, New Jersey). Virologic failure was said to occur, and require the patient discontinuing their study treatment regimen, if viral load remained >200 copies/ mL at induction-week 24 or if there were two consecutive viral load levels of 1000 copies/mL observed within a 1-to 2-week period after at least two consecutive (separated by 1-2 weeks) viral load values of <200 copies/mL). CD4+ T lymphocyte cell count was assessed by flow cytometry.
Patients were monitored for adverse events, laboratory abnormalities, and any HIV-related illnesses at baseline (week 0) and weeks 4, 12, 16, 20, 24, 28, 32, 40 , 48, and 52. NMR (LipoMed Inc., Cambridge, Massachusetts) was used to measure the quantity and size of LDL, HDL, IDL, and VLDL/chylomicron particles at baseline, week 28 (end of induction), and week 52 (end of maintenance). Adherence was assessed by pill count (pills counted in returned vials of study medication) by the study site personnel at each patient visit and by patient self-report. Statistics were primarily descriptive in the observed population, and included change from baseline in viral load, CD4+ count, lipids, and lipoproteins, and tabulation of adverse events and abnormal laboratory values. A Fisher exact test was performed to compare the total adverse event incidence at week 28 of the induction regimen with that at week 24 of the maintenance regimen (week 52 of study). A P value of <0.05 for this comparison was considered statistically significant.
Results

Patient Characteristics
The baseline characteristics of the patient population are shown in Table 1 . Fifteen patients completed the 28-week induction phase, and 12 completed both the induction and maintenance study phases. Fourteen patients prematurely discontinued due to loss to follow-up (6), protocol violation (4), moving away (2), or suspected abacavir-related hypersensitivity reaction (2).
Efficacy
In the 15 patients who completed the induction phase, 11 (73%) had a viral load <50 copies/mL and 12 (80%) a viral load of <400 copies/mL at induction-week 28. In the 12 completers of both treatment phases, 10 (83%) patients had a viral load level <50 copies/mL ( Figure  1(a) ) and 11 (92%) a viral load of <400 copies/mL by maintenance-week 24 (Figure 1(b) ). CD4+ count increased from a baseline median of 110/mm 3 , to 292/mm 
Safety
Adverse events generally were reported during the first 4 weeks of the study, with few reports subsequently. Potentially drug-related adverse events included abdominal discomfort (1), anemia (1), depression (1), odynophagia (1), rash (3), hypercholesterolemia (1), and hypertriglyceridemia (2) during induction, and hypercholesterolemia and hypertriglyceridemia (2) during maintenance. The incidence of adverse events at maintenance-week 24 did not differ from that at induction-week 28 (P > 0.05). Lipid analysis showed that median fasting total-cholesterol, LDL-cholesterol, and triglycerides remained below National Cholesterol Education Program (NCEP) cut-off levels [21] (Figure 2) . No hypolipidemic medications were prescribed during the study. The greatest increase in median total-cholesterol levels occurred between baseline and induction-week 28 (from 130 to 177 mg/dL), as was the case with LDL-cholesterol (from 78 to 107 mg/dL), HDL-cholesterol (from 33 to 41 mg/dL), triglycerides (from 93 to 145 mg/dL), and the total-cholesterol: HDL-cholesterol ratio (from 3.9 to 4.3) (Figure 3) . After reducing the ritonavir boosting dose to 100 mg once daily, little or no change was seen over the ensuing 24- reduction in the ritonavir dose to 100 mg once daily, VLDL/chylomicrons decreased by 8% to 46% by maintenance-week 24, the range of reduction differing by particle size. Similarly, during the induction phase, total LDL particles and LDL subclasses increased by 34 to 108%, but these either decreased (as was the case with large LDL and IDL particles) or did not change (observed with total, small, medium-small, and very small LDL particles) following the decrease in ritonavir boosting dose. HDL particles and subclasses increased during induction by 27% to 113%; following ritonavir dose reduc-tion, total and large HDL particle quantity did not change notably, but medium HDL particles decreased by 43% and small HDL particles increased by 16%. Mean VLDL, LDL, and HDL particle size did not change from base-line during either the induction or maintenance phases of the study.
Lipoprotein Particle Analysis
Discussion
The results of our study show that in HIV-infected patients stabilized on fosamprenavir/ritonavir 1400 mg/200 mg plus abacavir/lamivudine 600 mg/300 mg once daily, reduction in the ritonavir boosting dose to 100 mg once daily with no other changes in the regimen maintains virologic suppression and CD4+ cell enhancement over the ensuing 24 weeks. These findings corroborate those of two other studies that investigated the clinical effect of halving ritonavir boosting to 100 mg once daily in fosamprenavir regimens [15, 16] . In the larger, statistically powered study, LESS, 229 previously antiretroviral-naïve patients stabilized (viral load <400 copies/mL for at least 3 months) on fosamprenavir regimens boosted by 200 mg daily (200 mg once daily or 100 mg twice daily) were randomized 2:1 to fosamprenavir/ritonavir 1400 mg/100 mg once daily (n = 140) or to continuation of their current regimen with no change in background therapy (n = 69) [15] . At week 24 post-switch, virologic and immunologic responses were similar in the ritonavir 100 mg and 200 mg once-daily-boosted arms: viral load <50 copies/mL in 92% versus 94% (missing or discontinuation equals failure analysis); frequency of virologic failure 8% versus 6%; median CD4+ cell count 444 vs 453 cells/mm 3 above baseline. Similarly, in the direct comparative clinical trial APV109141, intent-to-treat-exposed: observed analysis showed viral load <50 copies/mL achieved by virtually the same proportion of antiretroviralnaïve patients on fosamprenavir plus abacavir/lamivudine regimens boosted by ritonavir 100 mg once daily and 200 mg daily (as a 100 mg twice-daily regimen)- 94% (84/89) and 93% (84/90), respectively-with a comparable median increase from baseline in CD4+ count of 149 and 140 cells/mm 3 , respectively [7] . In our study, we saw no differences in the frequency of adverse events between the end of the ritonavir 200 mg once-daily-boosted induction phase and the end of the 24-week ritonavir 100 mg once-daily-boosted maintenance phase (P > 0.05). A similar absence of notable differences in drug-related adverse event frequency was also observed in the LESS study over 24 weeks following the lowering of ritonavir boosting doses of fosamprenavir regimens from 200 mg once daily to 100 mg once daily (overall 7% versus 4%, diarrhea 3% versus 1%) [15] . This lack of a difference in tolerability between the study phases may have been due in part to patients having been on induction treatment for many weeks and the known reduction in adverse events, especially gastrointestinal tolerability, that takes place over time [22] . The time-bound nature of certain adverse events was observed in the 48-week SOLO clinical trial in which a substantial proportion of patients on fosamprenavir/ritonavir 1400 mg/200 mg plus abacavir/lamivudine once daily who initially experienced drug-related nausea (31%), diarrhea (29%), vomiting (15%), and headache (10%) had abatement of these symptoms after a mean of 80, 114, 19, and 92 days, respectively, usually without the need for remedial drug therapy (in 82% to 95% of cases) [3] . In contrast, in studies that have directly compared fosamprenavir/ritonavir 1400 mg/200 mg once daily and 1400 mg/100 mg once-daily regimens, the ritonavir 100 mg regimen generally has been associated with fewer gastrointestinal side effects [7, 17] .
Thus, in APV109141, over 48 weeks, a lower proportion of HIV-infected patients taking fosamprenavir/ritonavir 1400 mg/100 mg once daily plus abacavir/lamivudine (n = 106) than patients taking fosamprenavir/ritonavir 700 mg/100 mg twice daily plus the same nucleoside backbone (n = 106) reported Grade 2 or higher drug-related adverse events in general (26% vs 36%) and diarrhea in particular (<1% vs 12%) [7] . Furthermore, in a crossover pharmacokinetic study (COL10053) that compared 14-day regimens of fosamprenavir/ritonavir 1400 mg/100 mg once daily and fosamprenavir/ritonavir 1400 mg/200 mg once daily in 41 healthy volunteers, the ritonavir 100-mg-boosted regimen was associated with a lower frequency of gastrointestinal adverse events in general (35% vs 56%) and nausea in particular (11% vs 27%) [17] .
The overall fasting lipid profile observed during both phases of the study showed favorable HDL-cholesterol increases balanced by unfavorable increases in total-and LDL-cholesterol, with the latter two lipids nevertheless remaining below the NCEP cutoff concentrations. Reduction in ritonavir boosting of the fosamprenavir 1400 mg once-daily regimen from 200 mg to 100 mg once daily led to a modest reduction in triglycerides, but little change in total-, LDL-, and HDL-cholesterol. This finding is consistent with the results of LESS at 24 weeks post-switch from ritonavir 200 mg to 100 mg once-daily boosting (median triglycerides −21 mg/dL, total cholesterol: −1 mg/dL, LDL-cholesterol: no change; HDLcholesterol: −1 mg/dL) [15] , and of TELEX II at 4 weeks post-switch (median triglycerides −35 mg/dL, total-cholesterol −17 mg/dL, HDL-cholesterol +2 mg/dL) [16] . The more favorable effect on triglycerides of a oncedaily ritonavir 100 mg plus fosamprenavir 1400 mg regimen over the fosamprenavir regimen boosted by double the ritonavir dose was also noted in the direct comparative study APV109141 [7] . That study showed at 24 weeks only slightly less elevation in total-cholesterol (+46 vs +55 mg/dL median change from baseline) and LDL-cholesterol (+37.5 vs +47.2 mg/dL median change from baseline), but notably less elevation in triglycerides (+40 vs +75 mg/dL).
In the lipoprotein analysis, the reduction we observed in total VLDL/chylomicrons and all subclasses of VLDL lipoprotein after the ritonavir 200 to 100 mg once daily switch coincided with the fall in triglycerides. This was to be expected because VLDL is the primary carrier of triglycerides, and so reduction in the former could lead to reduction in the latter [23] . Overall, this, taken along with the 16% decrease in small HDL particle concentration and the 44% and 21% reductions in LDL and IDL particle concentrations, respectively, could be perceived as positive changes from a cardiovascular risk perspective [23] . However, optimism regarding these changes must be tempered by the fact that the ritonavir 200 to 100 mg switch did not alter the concentrations of small, medium-small, or very-small LDL, which would have been desirable in view of their association with atherogenicity [23] .
We did not evaluate how the switch from ritonavir 200 mg once daily to 100 mg once daily could have impacted cardiovascular inflammation biomarkers. However, in a crossover study that compared 14-day regimens of ritonavir 100 mg once daily and twice that ritonavir dose (given as 100 mg twice daily) in healthy volunteers not taking other drugs, ritonavir 100 mg once daily was associated with less elevation in the vascular inflammation biomarker sCD40L in plasma (12% vs 19%) [24] . Ritonavir 100 mg twice daily, but not ritonavir 100 mg once daily, significantly increased the biomarker adipophilin. The ritonavir 100 mg once-daily and 100 mg twice-daily regimens did not differ notably with respect to magnitude of change in HDL-cholesterol (−6% vs −10%) or in CD36 (−14% vs −16%). Neither regimen had any impact on the concentrations of the biomarkers hsCRP or sICAM-1.
Our study did not include a pharmacokinetic analysis to verify the attainment of virologically suppressive amprenavir concentrations with the ritonavir 100 mg once-daily boosting regimen. However, LESS showed little difference in the amprenavir C  achieved at week 24 in patients taking the fosamprenavir/ritonavir 1400 mg/ 100 mg once-daily, 1400 mg/ 200mg once-daily, or 700 mg/100 mg twice-daily regimens (1.84, 1.78, and 2.30 µg/mL, respectively) [15] . These C  values are 12.6, 12.2, and 15.8-fold higher than the historical mean amprenavir protein binding (90%) adjusted IC 50 for wild-type HIV (0.146 μg/mL). Therefore, plasma amprenavir concentrations produced with the fosamprenavir/ritonavir 1400 mg/100 mg once-daily regimen in our study were expected to be several fold above this IC 50 . To date, ritonavir boosting doses below 100 mg once daily for fosamprenavir regimens have not been investigated. However, a study by Matthias et al. [25] comparing the effect of ritonavir 50 mg and ritonavir 100 mg on hepatic CYP3A activity showed a 34% lower area under the plasma concentration-time curve of the CYP3A probe substrate drug midazolam with ritonavir 50 mg. Therefore, if one were to extrapolate these findings to amprenavir, a CYP3A substrate, it appears possible that a ritonavir 50 mg boosting dose could result in subtherapeutic amprenavir concentrations in some patients.
In this clinical trial the study medications were not supplied by the sponsor. Our study was limited by its small evaluable population due to the high dropout rate caused by erratic delivery of drugs to these indigent patients through the U.S. ADAP. The difficulty to ensure availability and consistent delivery of antiretroviral medication to impoverished HIV-infected patients through the ADAP has been documented elsewhere [26] . This underscores the challenge of enrolling patients on such programs into clinical trials because program restrictions/regulations may change over time and make initially medication-eligible patients ineligible later on. Our study was also limited by the lack of information collected regarding diet and exercise, both of which can impact lipids.
In conclusion, reducing once-daily ritonavir boosting from 200 mg to 100 mg in HIV-infected patients stabilized on once-daily fosamprenavir/abacavir/lamivudine generally maintained virologic suppression, enhanced CD4+ count, and improved triglycerides.
